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Insulin 
The introduction of insulin into the blood stream of dairy cattle 
should markedly lower the blood sugar and bring about the character- 
istic  changes attendant  thereto if  the hypotheses developed in  the 
previous paper are correct.  In the initial experiment of 1924 we were 
kindly supplied insulin by Armour and Company, through the courtesy 
of Dr. Frederic Fenger.  In all of the subsequent experiments, in fact 
all of those reported here, we have been supplied insulin by Eli Lilly 
and  Company, through the courtesy of their research director, Dr. 
George It. Clowes. 
The initial experiments were devoted to finding the approximate 
dose which would affect the blood sugar of cattle.  This dose was very 
much larger than expected; in fact much out of proportion to the size 
of the animal.  From 500 to 1200 units at one time seemed to be the 
amount necessary to produce the effects desired.  The constituents 
of the blood and  the milk were determined in  the same manner as 
indicated in the preceding paper. 
The Data 
It was first thought by the writers that insulin could produce its 
effect in  extreme form only in  the presence of complete inanition. 
For that reason  the first three cows treated were given only water. 
For the fourth cow, No. 47, no change whatever was made in her diet; 
this  cow receiving her ordinary ration  plus all  the water  that  she 
wished. 
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The  milk  yield, the  composition  of  the  milk,  and  blood  are  all 
plotted  against time and appear in Figs. 1, 2, 3, and 4.  The units of 
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Fxc.  1.  Cow 47,  the effect  of insulin  on milk secretion. 
with full ration throughout is represented by the solid line. 
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Insulin treatment 
insulin introduced into the blood are indicated by the dotted lines on 
the chart.  The position  of  the  vertical  line represents  the time  at 
which the insulin was introduced into  the jugular vein. JOHN  W,  GOWEN  AND  ELMER  R,  TOBEY  69 
The  immediate  effect due  to  the introduction  of insulin  into  the 
blood stream of the cow is to cause a  sharp drop in milk production. 
This  drop  is  more  pronounced  than  is  the  drop  for starvation.  It 
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FIG. 2.  Cow 52, the effect of insulin on milk secretion.  Insulin with starvation 
is represented by the solid line; the dotted line shows the same cow with starva- 
tion only. 70  ECHANISM  0~"  MILK  SECRETION 
occurs whether the cow is kept under starvation or allowed her normal 
ration.  The effect of the insulin treatment wore off much more rapidly 
when Cow 47 was fed during treatment than when on starvation.  The 
effect of the insulin on Cow 141  in her second period was much more 
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FIG. 3.  Cow 141, the effect of insulin  on milk secretion.  Insulin  with starvation 
is represented by the solid line; the dotted line shows the same cow with starvation 
only.  The  amount and  time  of  insulin injections are  shown  by  the  vertical 
dashed line. 
severe than it was for the other animals, as noted by the fact that she 
remained in coma for nearly 48 hours even though fed large quantities of 
dextrose and cane sugar.  This severe reaction influenced the rapidity 
of her recovery in a marked degree, as noted by the length of time it JOHN  W.  GOWEN  AND  ELMER  R.  TOBE¥  71 
took her to return to normal production and the changes observed in 
the composition of her milk during this period. 
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FIG. 4.  Cow 141, the effect of insulin  on milk secretion.  Insulin  with starvati9  n 
is represented by the solid line; the dotted line shows the same cow with starva- 
tion only. 72  MECHANISM  OF  MILK  SECRETION 
The total solids of the milk rose sharply after the introduction  of 
insulin.  The  highest  point  reached  by this  rise  in  total  solids was 
much greater  than  that  noted  in  starvation  for the  same period;  in 
fact the effects 16 hours after the introduction of insulin correspond to 
those found where  the  starvation  has  endured  for 48  hours.  From 
this high point the total solids tend to decline; the decline being most 
rapid  in  the  cow which was fed.  With  the  subsequent injection  of 
insulin  the total solids rose somewhat but not to the same extent as 
noted in the first instance.  Cow 141, on the second experiment where 
the effect was so long protracted, showed a tremendous but late rise in 
her milk total solids, which was maintained for a period of 2 or 3 days, 
when  it  declined.  This  late  rise was apparently  due  to  the  insulin 
shock through  which  Cow 141  had passed and  the attendant  rather 
protracted  inanition. 
The changes in the butter fat percentages were equally acute.  A 
rise in the butter fat percentage to a level which was normally reached 
by starvation in 2 days was reached by the cows on insulin treatment 
in  16 hours.  From this point the butter fat percentage declined on 
the third  injection of the insulin.  The  curves of the butter fat per- 
centage are quite different in the insulin  treated cows than  those for 
starvation  alone. 
The percentage of ash rose very rapidly after the introduction  of 
insulin.  This rise was noted whether the cows were starved or  fed. 
The point reached by the rise in 16 hours was as high as that found for 
starvation  after  a  period  of 48  hours.  The  height  of  the  rise  was 
somewhat affected by whether or not the cow was fed; the cow being 
fed not going as high  as the cow which was under  starvation.  The 
high point of the ash percentage on the first rise was about 10 per cent 
above normal.  On the subsequent introduction of the insulin a second 
rise took place although not to the same level as the first one. 
The  nitrogen  content  of  the  milk  behaved  irregularly.  Cow  52 
under complete starvation had a  slight rise in the amount of nitrogen 
with the introduction  of insulin.  This rise was probably not signifi- 
cant.  Cow 47, adequately fed, showed a marked rise in the nitrogen 
value, about 1.5 times normal, from which point it declined somewhat 
to reach normal at the end of 3 days.  Cow 141 in the first experiment 
showed a  slight  rise in  nitrogen  per cent at  first  and  a  marked  rise JOHN  W.  GOWEN  AND  ELMER  R.  TOBE¥  73 
after the third injection of insulin.  Cow 141 on the second experiment 
showed little change in the nitrogen content of her milk after the first 
two injections, but after the third the rise was marked and continued. 
This cow's whole chart is of sufficient interest to warrant  a  separate 
chart to show the full trend of the cow's production on a smaller scale 
(Fig. 5). 
The changes in the lactose per cent were equally striking, but in the 
opposite  direction  from  those  above  noted.  The  lactose  dropped 
rapidly to values which were a  tenth  lower than  those noted under 
starvation.  From these values the lactose tended to return somewhat 
toward normal until a  subsequent injection of insulin when the drop 
was continued.  The drop for Cow 141 in the second experiment was 
very severe indeed going to a lactose value less than half that normally 
found.  Cow 52  showed  a  very pronounced  drop  when  the  second 
group of insulin injections was made. 
The percentages of calcium and phosphorus in the ash of the milk 
tended to follow those of the ash itself, indicating that the ash compo- 
sition was probably not changed markedly but was simply increased 
in  amount. 
The blood sugar percentages furnished some measure of the insulin 
effect and also of the amount of dextrose which would be available to 
the udder for the organization  of the lactose of milk.  The introduc- 
tion of insulin into the blood stream has the very rapid effect of lower- 
ing the blood sugar.  These blood sugar values sometimes go to the 
very low value of 20 rag.  per  100  cc.  or less.  For the  amounts  of 
insulin used it would seem that the period of time necessary to accom- 
plish this result was more than half a day.  On the introduction of a 
subsequent  injection  of  insulin  the  blood  sugar  tends  to  fall  again 
sometimes to a new low level.  From this point, if the cow receives no 
further interference,  she slowly builds up the blood sugar to a  point 
which,  if she  is  receiving  an  adequate  ration,  may go  considerably 
above the normal. 
Before discussing these results, it is of interest to look at the curve 
for Cow 141  on the second experiment over a  longer period of time. 
This cow was given the largest injections of insulin and over a shorter 
time, plus starvation  during  the period.  She was much more mark- 
edly affected by the insulin  than  was Cow 52 which received insulin 74  MECHANISM  OF  MILK  SECRETION 
over a  longer period of time, and to only 80 per cent of the amount. 
Shortly after the third injection of 800 units of insulin Cow 141  became 
MILK YIELD  ~_ 
,o, 
25 
IS 
15 
1.0 
.8 
9.C 
7,0 
22  12~1~412s1  2e12712e129 
OSMOTIC PRESSURE  ATMOSPHERES 
m 
~_ 3.0 
2O 
CALCIUM 
.2 
PHOSPHORUS %  ~ 
-  .II 
o~te  .07 
9.0 
7.0 
FIG. 5.  Milk  yield and composition  of the milk of Cow 141 during insulin treat- 
ment and recovery. 
partially paralyzed.  After the fourth injection of 500  units the cow 
could no longer stand or use her legs but could only lie on her side. 
Her breathing was irregular; the limbs became cold.  The cow  then JOHN  W.  GOWEN  AND  ELMER  R.  TOBEY  75 
passed into coma and remained in this condition for about  12 hours 
when she was  given  an  injection of 20  cc.  of  10  per  cent dextrose 
solution directly into her jugular vein.  At the same time she was fed 
500 gin. of dextrose as a water solution.  In 20 minutes or so the cow 
was on her feet.  But a short time after that she returned to her lying 
position and in spite of giving her further injections of dextrose and of 
feeding her large quantities of cane sugar no subsequent improvement 
took place for another 26  hours; a  gradual improvement then com- 
menced.  At  the  end  of  about  a  week  the  cow's  milk  production 
returned to 75 per cent of her normal production and she was in other 
respects  apparently well.  The  clinical aspects  of  this  case  clearly 
indicate that this cow was much more markedly affected than she was 
on her previous treatment the year before, or than was Cow 52 treated 
during the same time.  This cow is, so far as the writers are aware, the 
only one exhibiting artificially produced insulin shock over a protracted 
period.  The  ability  to  produce such a  prolonged shock,  especially 
after the feeding and injection of dextrose, is therefore of much interest 
in view of the suggestion that milk fever is due to  such a  hypogly- 
cemia of the blood brought on by a heavy milk secretion.  The course 
of this cow's milk production and the composition of the milk in these 
periods are of significance to  the  study in  hand.  Fig.  5  gives  the 
extended graph  for  this  cow during the whole period but  on  a  re- 
duced scale. 
The curve of milk production for Cow 141 over this extended period 
is  characterized by a  rapid  drop  in  the  quantity of milk produced 
after 16 hours from the time the first insulin was injected.  This low 
production  is  continued over a  period of 4  days,  a  length of  time 
much longer than for the other cows which did not receive as severe 
a  shock from the insulin.  This is no doubt partly to be accounted 
for by the starvation attending the coma after the last injections of 
insulin.  It is, however, to the insulin which must be attributed the 
majority of the effects since this cow was fed large quantities of sugar 
during this coma period.  It is of interest to note that in spite of the 
severe effect of the insulin  this  cow returned to  normal production 
after a  time.  The period is, however, much longer than for the  cow 
fed  during  the  insulin  treatment,  or  for  a  cow  given  less  insulin 
although starved during the period. 76  MECHANISM  O]F  MILK  SECRETION 
The highest total solids  content of Cow  141's  milk  is  reached at 
the relatively late period of 60 hours after the last insulin injection. 
The total solids content goes to a  very high level resulting in a milk 
which  is  nearly  solid.  These  levels  are  about  three  and  one-half 
times the normal; the total solids content finally reaching 37 per cent. 
This rise is quite largely accounted for by the increase in the butter fat 
content of the milk from about 3.7 per cent to 24.8 per cent, or to 6.7 
times the normal value. 
The ash  content likewise increases from 0.74 to 1.22 per cent,  an 
increase of roughly 60  per  cent.  The curve for percentage of  ash, 
while it rises,  does not exactly parallel  that  for the butter  fat  per- 
centage, as it reaches its crest at an earlier period and remains fairly 
constant at this level for a much longer  time. 
The nitrogen content of the milk likewise increases to  a  relatively 
high level.  This increase is of little significance until the third  injec- 
tion of insulin when the rise commences.  The high point  is  reached 
at a later period than that for the ash but at an earlier period than that 
for the butter fat percentage.  The amount of nitrogen  contained in 
the milk at that period is about three times as much as that ordinarily 
found.  From this high point the nitrogen drops off and by the end of 
the experiment has very nearly reached normal. 
The  lactose  percentages  behaved  irregularly but  are  throughout 
inverse to  those  of the other constituents of the milk.  Within  16 
hours after the injection of the first insulin the lactose of the milk has 
reached very low values.  From this low point of 1.8 per cent there 
is a  slight recovery until the effect of the second insulin injection is 
noted when the lactose returns to its low values.  The lactose keeps 
these low values as long as the ash percentages remain high but when 
the ash percentages start to drop the lactose returns to normal.  At 
the end of the experiment it is within 0.6 per cent of the normal value 
for this cow. 
The calcium content of the ash follows the changes of the ash in 
large measure.  It does, however, reach relatively higher values being 
at the crest of the curve about three times its normal value, whereas 
for the ash it is only 1.6 times the normal value.  This possibly may 
be accounted for by the protein increase and the affinity of casein for 
calcium.  The calcium content has returned to nearly normal values .]OLIN  W.  GOWEN  AND  ELMER  R.  TOBEY  77 
by the end of the experiment.  The high point of the calcium corre- 
sponds exactly with the high point of the nitrogen. 
The phosphorus content of the milk parallels almost exactly the cal- 
cium of the milk.  Unfortunately the blood sugar and calcium were 
not followed further than the period noted on the earlier chart. 
These studies show that the effects of insulin on milk secretion are 
much more severe than  those of starvation  in  that  the response is 
more immediate.  They are characterized by a  rapid  drop  in  milk 
production, an increase in the total solids, butter fat percentage, ash, 
and  to  a  limited  degree in  nitrogen.  The  changes in  ash  content 
appear to  be fairly uniform for its  constituents as the calcium and 
phosphorus very largely parallel the changes in the total ash.  Lactose 
contrasts with the other milk constituents in that it rapidly declines 
in amount.  It is also to be noted that the butter fat percentage does 
not appear to take the same course as that for the starvation results. 
The increase for insulin being almost immediate and then held at that 
level  rather  than  a  continuous  increase  over  the  period.  Insulin 
results in a marked decrease in the dextrose content of the blood.  The 
fact that this decrease in dextrose content is accompanied by a marked 
decrease in the lactose content of milk furnishes another independent 
link in the proof that lactose of milk comes from dextrose of blood. 
As indicated for the starvation experiments, if the osmotic pressure 
of the milk is to remain constant in view of the decrease in lactose the 
salt content of this milk must increase rapidly.  This is what actually 
happened.  It is of interest to see how nearly alike the osmotic pres- 
sures of different periods in  the experiment may be.  Fig.  6  shows 
the graph for the osmotic pressures of the milk for the duration of 
the experiment. 
Cow 47 on insulin treatment and full ration showed a slight increase 
in osmotic pressure for the third injection of insulin.  The osmotic 
pressure  after  this  point,  however,  returned below normal and  re- 
mained essentially normal during the entire experiment. 
Cow 52 on insulin treatment and starvation showed a like increase 
in osmotic pressure by the third injection.  From this point, however, 
the milk returned to normal osmotic pressure and remained so through- 
out the experiment. 
For Cow 141, despite the extreme variation which was produced in 78  MECHANISM  OF  MILK  SECRETION 
her  milk,  the  osmotic  pressure  of  this  milk  increased  only a  small 
relative  amount;  the  increase  being  at  maximum  about  1/5  above 
normal. 
In view of  the fact that  starvation  increases  the blood's osmotic 
pressure to  some degree,  the increase in  the milk's osmotic pressure 
was to be expected rather than otherwise.  The results of the experi- 
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FIG. 6.  Calculated osmotic pressures of cow's milk during insulin treatment. 
ments on insulin are in agreement with those on inanition  in showing 
that the osmotic pressure of the blood is a leading factor in stabilizing 
the concentration  of the solids found in milk. 
If  the  trend  of the  butter  fat percentages  be  compared with  the 
trend of the other constituents in  the milk,  it will be noted that,  as 
in the case of the starvation experiments, the percentages of butter fat JOIIN"  W.  GOW'EN  AND  ELMER  R.  TOBEY  79 
are throughout somewhat independent of the other constituents.  The 
results are consequently in accord with what would be expected from 
the previous work. 
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FIG. 7.  Cow 47, phloridzin  and complete inanition.  Vertical  lines on the chart 
show the amount and time of phloridzin injection.  The solid line gives these 
results,--the dotted line gives the data on starvation alone. 
Since phloridzin has the property of causing the animal to excrete 
large quantities of sugar and nitrogen in the urine, and as a  conse- 
quence to deplete the blood sugar after a  time, it would seem as if its 
action should result in raising the ash content of milk and in decreas- 80  MECHANISM  O~"  MILK  SECRETION 
ing the lactose content of the same when  the cow has been injected 
with  phloridzin,  accompanied  by  starvation.  The  course  of  milk 
secretion  with  phloridzin  would  therefore  be  expected  to  be  quite 
different than that for insulin.  The salt-lactose balance  should  tend 
to remain  constant,  however, if the hypotheses developed in the pre- 
ceding  sections are  correct. 
Cow 47  was given  over to  this  experiment.  This  cow was kept 
under  the  conditions  of  complete  inanition.  The  phloridzin  was 
introduced into the jugular vein as a  25 per cent alcoholic solution of 
the number of gm. indicated on the chart.  The time of introduction 
of the phloridzin  is indicated by the vertical dotted line. 
As Paton and  Cathcart  and others  (20) have shown for goats,  the 
milk yield of this phloridzin treated cow when accompanied by starva- 
tion  decreases  in  amount.  The  chart  shows,  however,  that  this 
decrease in amount follows essentially the curve of starvation and does 
not appear to represent any particular effect of the phloridzin. 
The total solids of the milk increased somewhat immediately after 
the  introduction  of phloridzin,  but  then  subsequently  decreased  to 
increase again after the fourth introduction. 
The butter fat percentage follows a curve almost identical with that 
of the  total  solids.  It is to  be noted  that the butter fat percentage 
goes  somewhat  above  the  starvation  curve  whereas  the  section  on 
insulin  accompanied  by starvation  showed  that  the  butter  fat per- 
centage was reduced somewhat. 
The ash content of the milk rises in a manner comparable with that 
occurring  in  starvation  but  at  a  slightly  lower  rate.  It  meets  the 
starvation  curve, however, at the end of the experiment.  This fact 
is of interest since it !s opposite to that noted when insulin is introduced 
into  the  blood stream. 
The nitrogen content of the milk started higher than it did for the 
same cow under the straight starvation experiment but after the intro- 
duction of phloridzin  it dropped to a  lower level than  that noted for 
the  starvation  experiment,  and  remained  slightly  lower,  although 
paralleling  the starvation results, for the rest of the period. 
The  results  for the  lactose are much  the  same as those when  the 
cow is under simple starvation save for the fact that the drop in lactose 
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sugar has been depleted.  This result is different from that observed 
in the insulin experiment and as noted earlier is to be expected from 
the difference  in action of the drugs. 
The tests on the blood sugar show that phloridzin depleted the blood 
sugar to a limited degree but that the cow recovered her normal blood 
sugar in a relatively short period after the introduction of the phlo- 
ridizin.  The degree of depletion through the action of phloridzin is 
not as pronounced as that noted for insulin. 
The urine nitrogen and the urine dextrose were markedly increased 
by the introduction of the phloridzin as has been noted in all corre- 
sponding experiments. 
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Fro. 8.  Calculated osmotic pressures of cow's and goat's milk when under 
phloridzin treatment. 
So far as milk secretion is concerned the results are an increase  in 
the fat and ash content of the milk, a decrease in the lactose percentage 
and a decrease in the total milk flow.  The depressed dextrose of the 
blood without the corresponding changes in the blood salts, save for 
a slight depression of the potassium in phloridzin diabetes, will account 
for the observed results in the milk secreted. 
The approximate calculated osmotic pressure of this milk and of the 
goat's milk in the experiments of Paton and Cathcart are presented in 
Fig. 8.  These osmotic pressures are found to be constant throughout 
the duration of the experiment indicating again the balanced condi- 
tion between the salts and sugars of blood and milk in milk secretion. 82  BJIECHANIS]~  O]~  MILK  SECRETION 
DISCUSSION  AND  SUMMARY 
The four types of experiments on milk secretion herein described 
really fall into  one  general class  so  far  as  the physiological effects 
produced are concerned.  Starvation lowers the blood sugar and raises 
the osmotic pressure of the blood.  The experiment using parathyroid 
hormone with or without starvation may have its effects interpreted 
as simply due to starvation since 1000 units of this hormone produced 
no visible effects on the blood calcium or milk constituents different 
from those of starvation.  Since insulin produces a marked and rapid 
drop in blood sugar it too may be looked upon as a  rapid starvation 
effect.  It has some other important effects, however.  Briggs et al. 
(21)  have  shown  that  potassium  and phosphorus  of the blood  are 
decreased and Luck, Morrison, and Wilbur (22)  indicate a reduction 
in  the  amino  acids  of  the  blood  in  insulin  treatment.  Phloridzin 
lowers the threshold for sugar retention with the consequence that in 
time it tends to lower the sugar of the blood to an even greater extent 
than that noted in starvation.  It tends to depress the potassium, to 
increase the phosphorus content of the blood, and to cause the body to 
burn  protein  rather  than  carbohydrate,  thus  increasing  nitrogen 
excretion. 
All of the experiments are characterized by a  sharp  reduction in 
the milk yield.  Cary and Meigs (23) have studied like reductions in 
milk yield produced by varying the energy or protein  of the diet. 
They conclude that such decrease in milk production may be inter~ 
preted as due to the direct effect of the starvation and the consequent 
reduction of the energy and protein available to milk secretion. 
The reduction in milk yield for the experiments herein described 
can undoubtedly be attributed to the same causes as those cited by 
Cary and Meigs.  The experiment where Cow 47  was given a  full 
ration and at the same time injected with large quantities of insulin is 
of particular interest in  this connection.  The  ration was adequate 
and the cow ate well, yet her production declined to  a  fifth of her 
normal milk yield.  Her chart shows that there was a slight reduction 
in her blood sugar when insulin was introduced into the blood stream. 
It seems furthermore likely that this  sugar was not as available to 
milk secretion, since there appears to  be more than a  corresponding 
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seem to indicate that there should be a like drop in the amino acids 
of the blood.  These two conditions would lead, according to the work 
of Cary and Meigs, to a reduction in the concentration of the nitrogen 
of the milk.  Actually, in  the experiment as it was performed, the 
nitrogen increased to  a  value about 40  per cent above normal.  A 
somewhat similar conflict is noted in  two of the other three insulin 
experiments where starvation accompanied insulin injection.  To this 
extent it would seem that the factor deserving most emphasis in  its 
~mmediate effect on milk yield is the energy available, and that  the 
later and more secondary factor is the amino acid concentration of 
the blood. 
In the starvation experiments, the butter fat percentage of the milk 
rises rather uniformly with the duration of starvation.  In the insulin 
experiments, however, the charts appear to show a marked reduction 
in  this butter fat percentage immediately after the introduction of 
insulin.  This is particularly noticed after the second and third injec- 
tions.  Since the dextrose of the blood tends to be reduced and made 
unavailable to the general physiological processes  by the presence of 
the large excess of insulin, and since this reduction of the butter fat 
percentage is noted as an accompanying  phenomenon, it would appear 
that the blood dextrose plays a part in the synthesis of milk fat as well 
as being the source of the milk lactose, possibly as a source of energy 
in converting body fat to butter fat.  In this regard the results for 
the treatment of Cow 47 with pMoridzin are of importance.  As noted 
by others, the introduction of phloridzin causes a marked rise in the 
fat percentage of the milk.  The lactose per cent is also higher than 
that noted in starvation.  Since phloridzin, by lowering the threshold 
for the blood sugar, causes large quantities of it to be drained from 
the body through the urine, and therefore reduces the reserve supply, 
it follows that if the insulin hypotheses are correct we should expect 
an eventual lowering of the lactose and of the fat below the starvation 
level.  During the last of the experiment this is what was actually 
observed. 
The effects of starvation and of insulin furnish concordant proof 
for the theory that the lactose of milk is derived from the sugar of 
the blood. 
The fact that the different constituents of the milk,  the fat,  the 84  MECHANISM  OF  ~flLK  SECRETION 
lactose, the nitrogen,  and the ash, do not exactly parallel each other 
in  their  behavior  throughout  these  experiments  indicates  that  they 
have  in  all probability separate origin.  This  is particularly  true of 
the butter fat percentage, which appears to have a  rate of secretion 
which is more or less independent of the other constituents, and higher 
in amount.  This result would fall in line with the conclusion of the 
writers in a  previous paper in which it was indicated  that  the fat of 
the blood was very likely deposited in the udder as fat corresponding 
to body fat from which source it was metabolized into the fat of milk 
shortly before it was needed for milk secretion. 
The wide variation  brought about in  the constituents of the milk 
by the treatment  all point to the conclusion that in milk secretion a 
balance is maintained  between the osmotic pressure of the milk and 
of  the  blood.  Thus  when  the  sugar  of  the  milk  is  reduced  either 
through  starvation  or  by insulin  the  ash  constituents  rise  to  com- 
pensate for this reduction and make the osmotic pressure of the milk 
similar to that of the blood.  These results further appear to indicate 
that  the  salts  and  the sugars  are more or less independent  in  their 
passage and metabolism into milk from the other constituents.  These 
observations are therefore in line with those obtained by Jackson and 
Rothera  (14)  and  by Davidson  (15)  in  their  brilliant  experiments 
where they modified milk secretion by returning  milk or milk sugars 
and  salts to the udder. 
These experiments give direct proof for the conclusion that modifica- 
tions  of  the  blood  of  dairy  cattle  produce  direct  and  predictable 
modification of the milk secreted. 
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